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$\frac{Dq}{Dt}\equiv\frac{\partial q}{\partial t}+\frac{1}{a^{2}}(\frac{\partial\psi}{\partial\lambda}\frac{\partial q}{\partial\mu}-\frac{\partial\psi}{\partial\mu}\frac{\partial q}{\partial\lambda})=0$ , (1)
2 . , $\zeta(\lambda, \mu, t)$ $(\zeta\equiv\nabla^{2}\psi)$ ,
$\psi(\lambda, \mu, t.)$ , $\lambda$ , $\mu\equiv\sin\phi,$ $\phi$ , $t$ , $a$ $(=6.37\cross 106\mathrm{m})$ ,
$\Omega$ $(=7.29\cross 10^{-5}/\mathrm{s})$ , $\nabla^{2}$ :
$\nabla^{2}\equiv\frac{1}{a^{2}}\frac{1}{1-\mu^{2}}\frac{\partial^{2}}{\partial\lambda^{2}}+\frac{1}{a^{2}}\frac{\partial}{\partial\mu}\{(1-\mu^{2})\frac{\partial}{\partial\mu}\}$ (2)
.
, 3 : “ ” $C_{f}\equiv[\overline{f(q)}]$ ,
(3 ) $D_{1}\equiv[\mu\overline{q}],$ $D_{2}\equiv[\overline{\cos\lambda\cos\phi q}],$ $D_{3}\equiv[\overline{\sin\lambda\cos\phi q}]$ ,
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$E \equiv[-\frac{1}{2}\overline{\cdot\psi\zeta}]$ , . $f(q)l\mathrm{h}q$ $\overline{(}$) [ $($ )]
. ,
$\overline{()}\equiv\frac{1}{2\pi}\int_{0}^{2\pi}($ $)d\lambda$ , $[( )] \equiv\frac{1}{2}\int_{-1}^{1}($ $)d\mu$ . (3)
3




$F_{z} \equiv[\frac{1}{2}\overline{q}^{2}]$ , $F_{w} \equiv[\frac{1}{2}q’]\overline{2}$ , (5)
$q’\equiv q-\overline{q}$ . , $\overline{q}_{0}(\mu)$
q $F_{w}$ . . $-$
(1995) , Dl , $C_{f}\text{ }$
, . , E
$D_{2},D_{3}$ ,
. ,
. , $-$‘ .
(1995) 1
, , 2 . , 2
( , 1993) .













$q( \lambda, \mu)--k=1\sum^{I\zeta}Q_{k}rk(\lambda, \mu)$ (10)






rJ , $-\zeta$ , 1,
J $(\lambda_{i}, \mu_{j})$ ,
$r_{ijk}\equiv r_{k}(\lambda_{i}, \mu_{j})$ (11)
. , $\lambda_{i}\equiv\frac{2\pi(i-1)}{I},(i=1,2, \cdots, I)$ , $\mu_{j}$ J .
, , I $\cross$ J $\cross$ K $r_{ijk}$
. , $K=J$ , $Q_{k}=\overline{q}_{0}(\mu k),$ $R_{k}=w_{k}/2$ . $w_{k}$ \mu k
.
3 ,
. , ( , 1976)
.
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Ishioka and Yoden(1994) $\langle$ , Hartmann (1983) 2
( ) .
2 :
$\tanh$ type jet: $\overline{u}_{0}(\phi)=U\cos\phi\cdot\frac{1}{2}(1+\tanh\frac{\phi-\phi_{0}}{B})$ , (12)
sech type jet: $\overline{n}_{0}(\emptyset)=U\cos\phi$ .sech$\frac{2(\phi-\phi 0)}{B},$
,
(13)









. Ishioka and Yoden(1994)
, ,
. , , , ,
. ,
$\frac{Dq}{Dt}=-\nu_{h}(\nabla^{2}+\frac{2}{a^{2}})q10$, (15)
. , 2 $(2/a^{2})$ ,
\nu h $(n=170)$ 0.01 $\mathrm{B}$
.
(15) $q=\overline{q}_{0}(\mu)+q_{d}(\lambda, \mu)$ . ,
$\overline{q}_{0}$ , $q_{d}$ , :
$q_{d}( \lambda, \mu)\equiv\alpha(e-1)-\beta(\cos\theta\frac{1-e^{-2\beta}}{2\beta})$ , (16)
$\cos\theta\equiv\mu\mu d+\sqrt{(1-\mu^{2})(1-\mu_{d}^{2})}\cos(\lambda-\lambda_{d})$ . (17)
, \alpha \beta ,
. $(\lambda_{d}, \mu_{d})$ , \theta
. . , $\thetaarrow 0$
$q_{d} arrow\alpha(e^{-\beta\theta^{2}/2}-\frac{1-e^{-2\beta}}{2\beta})$ . (16) 2 ,
$[\overline{q_{d}}]$ $0$ . , \alpha \beta .
. ,
. Ishioka and Yoden(1994)
\alpha =0.01\Omega , $\beta=100$ , $(\lambda_{d,\mu_{d}})=(\mathrm{O}^{\mathrm{O}}, \sin 45^{\circ})$ ,
, 3 74d $=\sin 30^{\mathrm{o}},\sin 45^{\mathrm{O}}$ , and $\sin 60^{\mathrm{o}}$ , .
T170 . 0.01
4 . $-$ (Fw)ma
(100 ) , .
5
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$q(\lambda, \mu)$ – ( -q(\mu ) – ,
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1 ( ) , $-$ (
) . 5.1 , –
, . (
(1994) ) . (a) (b) $\tanh$
;(a): $U=180\mathrm{m}/\mathrm{s},$ $B=8^{\mathrm{o}}$ $\phi_{0}$ $35^{\mathrm{O}},$ $4\mathrm{o}\mathrm{o},$ $4\bm{5}^{\circ},$ $50\circ$ , $55^{\mathrm{o}}$ , (b):
$U=180\mathrm{m}/\mathrm{s},$ $\phi_{0}=45^{\mathrm{o}}$ $B$ $4^{\mathrm{O}},$ $6^{\circ},$ $8^{\mathrm{O}},$ 10o, $12^{\mathrm{o}}$ . (C)
(d) sech ;(c): $\emptyset 0=60^{\mathrm{O}},$ $B=20^{\mathrm{O}}$ $U$ 120 $\mathrm{m}/\mathrm{S},$ $150$
$\mathrm{m}/\mathrm{s},$ $180\mathrm{m}/\mathrm{s},$ $210\mathrm{m}/\mathrm{S}$ , 240 $\ln/\mathrm{s}$ , (d): $U=180\mathrm{m}/\mathrm{S},$ $\phi_{0}=60\circ$ $B$
$10^{\mathrm{O}},$ $15^{\mathrm{o}},$ $20^{\circ},$ $25^{\circ}$ , $30^{\mathrm{O}}$ .
, $-$ , Ishioka and Yo-
den(1994) , , sech $(\mathrm{c}, \mathrm{d})$ $-$
, (c) 5 U ,
13 . , sech ,
. , $\tanh$
, . , $\tanh$
$U=180\mathrm{m}/\mathrm{s},$ $\phi_{0}=45^{\mathrm{o}},$ $B=8^{\mathrm{o}}(\mathrm{a}$ $\mathrm{b}$ $-$
) , ( ) –( ) Fo 29% , $-$
Fo 0.19% .
5.3
2 , $\tanh$ $U=180\mathrm{m}/\mathrm{s},$ $\phi_{0}=45^{\mathrm{o}},$ $B=8^{\mathrm{o}}$ (a), sech
$U=180_{111}/\mathrm{s},$ $\phi_{0}=60^{\mathrm{o}},$ $B=20^{\mathrm{o}}$ (b)
. $\overline{q}_{0}(\mu)$ , $d\overline{q}_{0}(\mu)/d\mu$
. , $-$
(tl) . , $\tanh$ \mu dd $=\sin 60^{\mathrm{o}}$
, sech \mu d $=\sin 30^{\mathrm{o}}$ . ,
$d\overline{c]}_{0}(\mu)/d\mu$ . ,
(1995) $\text{ _{}\overline{q}_{j}}\text{ ^{ } _{ }}$ . ,







$\iota \mathrm{o}\mathrm{e}\mathrm{g}$ . $j$
$t\cap 1$ $[A)$
$\cup$ ( $\mathrm{m}/\mathrm{S}l$ $\mathrm{B}$ ( $\mathrm{o}\mathrm{e}\mathrm{g}$ .
1: ( ), $-$ ( ) .
$F_{0}$ . (a): $\tanh$ $U=180\mathrm{m}/\mathrm{s},$ $B=8^{\mathrm{O}}$
$\phi_{0}$
.
$35^{\mathrm{o}}$ $55^{\mathrm{o}}$ , (b): $\tanh$ $\sqrt[\backslash ]{}\text{ }\backslash \backslash \backslash \text{ }U=180\mathrm{n}\mathrm{l}/\mathrm{s},$ $\phi 0=45^{\mathrm{O}}$
$B$ $4^{\mathrm{O}}$ $12^{\mathrm{o}}$ , (c): sech $\phi 0=60^{\circ},$ $B=20^{\mathrm{o}}$
$U$ 120 $\mathrm{m}/\mathrm{s}$ 240 $\mathrm{m}/\mathrm{s}$ , (d): sech $U=180\mathrm{m}/\mathrm{s}$ ,




2: . $(\mu)$ , $\ovalbox{\tt\small REJECT}$
, ,
$\text{ }\overline{q}(ll)$ . (a): $\tanh$ $U=180\mathrm{m}/\mathrm{s},$ $\phi_{0=45^{\mathrm{o}},B=}8^{\circ}$ , (b): sech
$U=180\mathrm{m}/\mathrm{s},$ $\phi_{0=6}0\circ,$ $B=20\circ$ .
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